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bleedmg d1sorders and 64 were normal subjects “The bleedmg ume forthe normal group Wag- T s
 Tlx12 miutes; and the amoint of shed blood was 1364 & 47210, In paseitts Wit TP the " 07
_bleedmg time was 140 * 4, 1 mmutes a.nd the shed blood“[as_sos 1 + 387l Tnithe groip of B R

4 ‘mdmduals W1th other mxscellaneous bleedmg d1sordm e_,-mean bleedmg time: was 2.0 ¥ 3 5

' 'minutes and the: amount of shed blood was 224 T + 184 ul Bleedmg nmes fmm all of the e

normal and abnormal mdmduals showed a corxe!anon of 0.75, p<0 001 with respect tothe -
amount of shed. blood on the filter paper and a c.;orrelauon of 0.28, p<.001 with regpect to the -
perlpheral venous hematocmt. There was also a sxgmﬁcant correlation between the bleeding time
and the platelet count (r=0.43, p<0 05), m pauents thh lTP This study deraonstrates that the

‘ \vqume of blood shed at the bleedin £ time site con‘clates with the peripheral venous hemtocrit,

and emphasmes the contribution of the hematocrit to: pnmary hemostasis in normal subjects and
panents with bleeding disorders.
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" INTR onU(?’rmN 2

The blecdmg nme isa commonly used test for assessmg hemosmsm Its pnmary

applica cation has been m the evaluauon of plaxelet function and the platelet related bleedmg‘ o R

disorders(l,Z) Howcver, there has been mauch controversy regatdmg the uuhty of the test.
Factors usually vxewed a8 cau:mg vmabxhty in tha bleedmg time test mclude small vanauons m :
| technique | berween operatnrs, dtrecuon and placemcnt of the mcismn on the arm, skm

' temperature. and penpheral verious hematocrit (3,4). ‘A recent review of the: bleedmg time tests -
by Rodgers' and Levin (3) repomd that thie bleeding time test has little or no predictive value
regarding surgxcal bleeding. While various modaficauons of the bleeding time test have been
mtroduccd to pravide more standardization (3), the test still retains a lugh degree of unexplained
vanablhty and the preoperative bleeding time does not generally correlate with total surgical
bleeding (2-6). A recent study in rabbits reported a significant correlation between bleeding in
thrk_nﬁbo‘cytopenic rabbits and tl_1e hematocrit (7). In addition, sbmc clinical studies (7-16) have
correlated the volume of shed blood collected at the template bleeding time site to the bleeding
time. The effect of peripheral venous hematocrit wh-ich fias been demonstrated to have & high
correlation with bleeding time (15) has riot been assessod with respect to blood lost during the

bleeding ﬁrﬁe determination.

Willoughby and Allington(10) and Zeigler (16) described the quantitation of the blood
shed bfron the iﬁcision during the quiﬁcd Ivy bleeding time by subﬁ‘acting the weight of the
filter paper prior to the bleeding time from the weight of the filter paper plus dried blood
collected during the bleedmg time. A comprehensive study,of the relation between the
preoperative bleeding time and the dried shed blood on the filter paper in patients undergoing
coronary bypass surgery has been reported (6). However, the w&ght of the dried filter paper

docs not take the effects of the hematoctit into account as it only measures the weight of the




. dried hemoglobm Nor docs it conSIder changes in the werght of the filter paper due to the

f - 'degme of hmmdny in the office or laboratory, a factor which is dxfﬁcult t0 oomrol(l’l) . _
o Therefore we modified the method of Zelgler (16) accordmg to Lhe techmque of Hallberg and L ‘ B R
| .Nilsson (18 19) of eluung ﬁlc hemoglobm on the filter paper and measnrmg 1t } . | | o
| spectmphotomemcally Usmg this method to quantitate the blood collected on: the ﬁlwp-paper__ e “,_
| durmg the measurement of the template bleedmg time, we have assessed the relations between }
'sbleedmg ume, the volume of shed blood collected at the template bleedmg time sxte, and the.
| o penpheral venous hematocnt m normal subjects and those with bleedmg dlsorders To further

hnnnale varlables, all bleedmg time tests were performed by a single expenenced operator in 8

room with a constant ‘temperature.




| SUBIECTS » _ |
'.:Twenty-sm detennmauons were made in pauents wn:h l'l‘P and 137 dctmmnanons.m._
: 'paucnts reccivcd for evaluanon of [ blcedmg dasorder other than ITP, Thcre wcrc more
) -women (9‘7) than men (40) m thc bleedmg d1sorder group mﬂectlng a se.x dlffetcncc
“noted i in othcr studxcs (15 ,20) The patxents vnth bleedmg dxsorders othcr than [TP fell
-~ into the followmg d1agnosnc catcgurizs von Wﬂlebrand's disease (33), idiopaﬂun

prolonged bleedmg tlmc (14), suspected drug sensmvity (1 6), myeloprohferauve

-y

}' disease(18), lymphoprohferanve dxsease(lO), collagen vascular dlseases (12), and sroragc E

pool disprders (3). Thuty-one. dctcrmmatlons were performed on mdmduals for whom -
eventually no speciﬁc dragnoms was found 10 explam then' bleedmg tendency. Their test

. results were comparcd 1o the results of 64 dctenmnanons in hematologncally normal

individuals. A total of 227 bleeding times were performed in which the amount of shed

blood was measured.  Informed consent was obtained prior to all studies. .

* BLEEDING TIMES

i

Bleeding times were modified (21) from the method of Buchanan and Holtkamp(22)
using the Simplate I device (Organon Teknika, J essop, MD). All determinations were
performed by placinyg the device ﬂmnlyfagains‘t the forearm in the perpendicular (vertical)
‘position relative to the elbow crea.qc(21-24). The léngth of the incision was 5 min‘. The
drops of blood flowing from the-wéund were gently collected by touching the edge of the
Whatman #1 filter paper o the blood every thirty seconds until bleeding ceased. All
tests were _performed bya singlé experienced person (JPC) in a room with a constant

temperature of 700F (24).




"V--I-IEMOGLOBINELUTION | . PRTCIE T E
: 'After compleung the bleg umc, the ﬁlter paper was. allowod eo an‘ d.ry ovenﬂght and
‘then- was rolled into a small cychnder and placed mto 2 tost mbe comzimng 10 ml of 5%

-NaOH(lS) The tube was gendy rocked for ﬁveto six houxs t0 clute the hcmo '< [ s, ,
- Standards were prepared using known armounts of normal fresh blood diluted in’ 10 ml of G
E 5% NaOH. Thc absorbance of ea.ch soluuon was read. agamst 5% NaOH at 546A m a: L

Gdford spectrophotonwter. and usmg hnear regressmn, the: slopc of the absorbance of

o the standards versus their valucs was determmed 'As an assay oonuol. one day prlor to.

V.

the assay a blood sample was selected and 100 i of well mixed blood were plpctted onto'v e
a filter paper in spots to wimic the pattem of a bleeding time. Duphcates were. prepared. B

These were dned overnight and cluted i in the same manner as the ﬁlter papers used to

perfcrm the bleeding time detcmnnanons. An identical quanmy of the same blqod was -

placéd directly into 10 ml 5% NaOH. The amount of blood plac’éd on.the‘ﬁlt.ér' paper

‘and‘in the test tube wgs»c,élculated and these controls were always determined to be

within & 1 mg of each other. _Tt_ie results wh‘gch were expressed as mg of hemoglobin
were converted to 1 whole blood using each paticnt's peripheral blood hemoglobin level

measured on the day of the bleeding time study.

HEMATOLOGIC MEASUREMENTS
Hemoglobin levels and platelet counts were measured from blood collected inlavender |
topped vacutainer tubes (Naz EDTA) on a Coulter Counter, Model T540 (Coulter

Electronics, Hialeah, FL).

STATISTICAL ANALYSIS
The mean and standard deviation (SD) was calculated f(;\each parameter measured in

each gfoup. studied. The means of the groups were compared using factorisl ANOVA




fanalySis. Lmear mgresslon. correlanon coefﬁments (), and multiple mgressmn annlyses ~

: A'"f were used to mcasure the relanon between the parameters studled. Smce all

o measurements were performed on all of the individuals stadied, the number of samples

o (N) in each group mmams consxstent (see Methods L SubJCCtS) A s;gmﬁcance l1m1t (p):.- |

'}r;'-.of<005wasconsxderedmgmf‘cantforalltesw ‘ S T -




) bleedmg txme in the normal group was 7 l ,-1: 1 2 minutes (Table 1) which was sxgmfxcantly lower

- -.ﬁesfms 2

\fHematologlcal vnlucs. blcedmg nmcs (BT), whole blood shed (WB shed) and the slgmﬁcancc ,

- (p) of dxfferenoes in thesc parameters for each of t.he groups is shown in Table 1 The mean

- than for the other gmup f" " ln patienta without I'I'P, but m whom 2 magnosxs of some other
) bleedmg disordet’ was estabhshed the mcan bleedmg ume was 9 0, :l: 3. 5 mmuteq with 224 K>S

| = 184 ml of sht:d blood for a mean blood loss rate of 23 3 + 14 4 u]lmm ('I‘able 1). In patients

- with. TTP the mean blecdmg time was 14 0 ,-1-_4 1 mmutes and the volume of shed blood was

- 508 14387 mcrablc 1), In patlents thh ITP the mean platelet count was 62,3 +27.5 x 1091

B (Table 1), Regressmn a.nalysxs results of bleedmg time, hematocnt (Hct) and platelet count (B1t)

. vs. total LI WB she.d and avcrage 'WB shed per minute are shown in Table 7. The relation

between blecdmg txmc and shed blood for all panents iz shown in Fig: 1 and for patients with

bleeding’ disorders i in F1g 2, The relatmn between hematocnt and shed blood is shown in Fig 3

for normal subjects. There was a slgmficant cormlanon between bleeding time and platelet

count in the ITP group r= 0. 43. p<05, Figure 4). 'l‘hcrc was an ovcrall correlation between
hematocrit and bleeding nme in  the enitire populanon studied with an r of 0.28 (p<0.001, Table
2). A significant com:lanon was observcd in the normal group with the |11 of shed blood

correlatmg with penpheral hematocnt. (r=0.32, pcO 01, Table 2) and in the group with bleeding
disorders (r=0 .26, p<0 01, Table 2).




Iy Ll -t

" DISCUSSION
c Our data show that normal indmduals and those with bleedmg dlsorders who have
; "hlgher hematocnts have shorner bleedmg times and less blood shed at the site-of bleedmg umes
e than do subjects with lower hemammts There has been mnerest in. the role of the hematocnmn
" bleeding going back to the ortgmal demonstrauon by Duke in 1910(25) that bleeding times

-xmproved after correctmn of anemla by transfuuon of packed red blood cells, & f’mdmg BT o ,V
 confirmed in more recent studies of patlents with. anermia dne t0 renal failure(S, 26-29) ln the o | g
:study of Gerrard et al(lS). the correlanon between hemamcnt and bleedmg time was greater than a
any other abnormal:ty, mcludmg the platelet count, pletelet aggregauons to collagen, .
epinephrine, ADP and arachadome amd, von Wﬂlebrand‘s factor anngen, patient age, platelet
adhesion to glass beads and protllromblp eo?sumptlon. “The effect of hematocr}t in reducmg
bieeding has been attributed to the release of a platelet aggregating factor from the red blood
| cells(2-6), a fectee later identified to be ADP(28)7~ At:other line of investigation hes
demonstrated that a theologlcal effect of hematocrit was also involved: Turrito and Weiss(30)
| demonstrated that platelet deposmon on the subendothelium was proportional to the hematocrit -
of the flowing blood. - The present study supports the positive relation between hematoctit and
.bleedmg nme as well as actual blood lossina group of subjcctb who were either normal or who
had bleeding disorders other than ITP. .

In patients with 1TP the stronger correlation of the platelet count in predicting the
bleeding time probably obscured the role of hematocrit in this setting. In addition, the relatively
normal hematocrits in virtl:'ally all of the ITP patients probably did not provide enough variation
in hematocrit to see the strong effect demonstrated bctwe_cr{ bleeding, thrombocytopenia and
hematocrit by Blajchman et al(7) in rabbits and by Gerrard etglin patients with bleeding
disorders(15). Moreover, the younger age and size of the platel\ts in ITP(31) may have altemd

the relationship between the bleeding time and hematocrit observed in normals and patients with




vbleedmg dnsorders Expenmental studies have generally supported neganve con'elaﬁon between ¥

B ‘_hematocm and bleeding, Hopkins et al (32) measured the rate of bleoding from standardized

o admmlswmd to ammal pairs selected at random to mcrease hematocrit. - Their results showeda |

o wounds in rats wir.h vmying levek of hematocnt. ‘In that study packed red blood cells were

s1gmficant mverse con‘elation of the rate of bleedm g with hematocnt (r=-044, p<0.01 n= 75 ) -

" As mentioned earher. Blajchman eral (7) showed a stmng effect of decreasing hematocm on -
o 'enhanced bleedmg in ﬂu‘ombocytopemc rabbits. ‘I contrast, Cadroy and Hanson (33) .
L R demonstrated & pmlongauon of bleedmg time in normal haboons with low as compared 10 high

s _or normel hemamcnts, but they did not conmder the prolongauon mgmﬁcant. Species

“dxfferences may explmn the vanauons in the telauon between bleeding time, b1ood loss and

E hematomt in these studies.

vahe present study cpnﬁnhs the finding of Sutor, Bowie and co-authors (1 1-14) that the

'. ‘intensity of bleeding is greater in pa_tients‘with'bleeding disorders and platelet dysfunction than
 normal. ~The magnitude of bleeding that we observed was greater than that of Sutor et al(11),

bdth in normal subjects and in patients with  bleeding disorders. This difference is explained by
the’ dlfference in their techmque, which mvolved a hght superfimal puncture(0.8 - 1 2 mm)

'versus a ﬁrmly applied 5 mm mcxslon, which results in wound gaping and a conscquent release

: ’-'of a greater amount of blood, B_leedmg times in this study were of similar magnitude to t_hose

reported by Gerrard et ul (15). They found a mean bleeding time of 9.48 + 3.3 minutes similar 1o

our finding of 9.0 + 3.5 minutes in bleeding patietits'. Differences in the performance of bleeding

times and collection of shed blood emphasize the importance of standardized technique and the
difficulty that arises when studies done by different techniques are compared (3,4).
. \
The present study supports the generalization that when & highly standardized bleeding
time test is performed the amount of shed blood correlates sxgnlf\cantly with the bleeding time in

norma] md1v1dua1s as well as patients with bleeding disorders. This suggests that the bleeding



. - ume test should predict excessxve bleedmg dunng and follovnng surgery Why ﬂus pred:cuon
: dxﬁ'ers from observauons that indlcate the bleeding tlme test does Tiot conelase with total surgical
- bleedmg(2-4 6) deserves further conmdemuon Most blood lost durmg surgery comes from the -
severmg of relauvely large blood vessels aud is due to mcompleue hganon or cautery of o
E surgxcally dwided blood vessels, or failm'e of hgatton or cautery of prevxously divided blood

| ~, '_vessels (surglcal bleedmg) The remamder is related tn mmrocaplllary oozmg (nonsurglca.l
- '.bleeding) The poor predlctlve valuc of the bleedmg ume probably stems from the dafﬁculty
) ’encountered in desxgnmg studxes that separate surglcal fmm nonsurglcal bleedmg Our data
suggest that the bleedmg nme test should con-elate wuh nonsurgacal bleedmg gince the amount of,
‘blood shed at the slte of the incision is strmgly correlated with the duratlon of the bleedmg time, |
Chmcal studxes are mchcated eo assess the chmcal impact of variation in hematocm on bleedmg
. in the penoperauve penod. A major challenge in the deszgn of t‘hese studies will be to separate
surgtoal from nonsurgical blood loss since the volume of blood shed during the bleeding time test
should have pxedicﬁve value only for that porﬁon of the total bl(f)od loss that was nonsurgical. |

11
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Figurel: The relation of bleeding_ time to shed blood for all patients
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_F1gure 2: The relation of bleedmg time to shed blood in patlents w1th

bleedmg disorders
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Table 2

Regression Analysis of Blecding*Tiniés ﬁnd Shed Blood Measurements with Platelet
| Counts and Hematocrits.

rp | r,p r,p r.p

BT vsplshed  0.75,0.001 0.73,0.001  .0.61,0.001 0.47,0.001
BT vs il/min 0.4, 0.001 0.30, 0.001 0.34,0.05,  0.05, NS

Pit vs BT 0.34,0.001 0.19,0.05 0.43, 0.05 ’ 0,07, NS
Plt vs pl/min 0.07, NS 0.05, NS . 0.2, NS 0.3, 0.05
Plt vs ul shed 0.23,0.001 0.05, NS 0.32, NS 0.24, NS
BT vs Hct 0.28, 0.001 0.27,0.01 0.21, NS 0.34, 0.01
Ul shed vs Het 0.27, 0.001 0.26,0.01 0.35, NS 0.32,0.01
ul/min vs Het 0.24,0.001 0.22, 0.05 0.32, NS 0.16, NS
s
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